Chemical context
Adamantane derivatives are currently receiving considerable interest for their diverse biological activities (Liu et al., 2011; Lamoureux & Artavia, 2010) . Numerous adamantane-based drugs have been developed as antiviral (Davies et al., 1964; Togo et al., 1968; Rosenthal et al., 1982; El-Emam et al., 2004; Burstein et al., 1999; Balzarini et al., 2009) , anticancer (Sun et al., 2002; Min et al., 2017) , antidiabetic (Villhauer et al., 2003 & Augeri et al., 2005 , anti-Parkinsonian (Schwab et al., 1969) , anti-Alzheimer's (Bormann, 1989) and antipsychotic (AbouGharbia et al., 1999) agents. In addition, several adamantanebased analogues have been shown to possess promising bactericidal (Protopopova et al., 2005; El-Emam et al., 2013; Kadi et al., 2010; Al-Abdullah et al.; 2014; Al-Deeb et al., 2006) and fungicidal (Omar et al., 2010) activities. On the other hand, 1,2,4-triazole derivatives have been reported to possess significant anti-inflammatory (Navidpour et al., 2006) and antibacterial activities (Almajan et al., 2009) . Based on the diverse biological activities of adamantane and 1,2,4-triazole derivatives, we synthesized the title 1,2,4-triazole-adamantane hybrid derivative I as potential chemotherapeutic agent. ISSN 2056-9890 
Structural commentary
In the title molecule ( Fig. 1) , the 1,2,4-triazole ring (N1-N3/ C7/C8) is nearly planar with a maximum deviation of À0.009 (3) Å for atom C7 and 0.009 (4) Å for atom N1. The phenyl ring (C1-C6) is almost perpendicular to the 1,2,4-triazole ring, forming a dihedral angle of 89.5 (2) . The triazole ring is substituted in positions 3 and 5 with an adamantane group and a sulfur atom which deviate from the mean plane of the ring of À0.149 (4) and À0.067 (1) Å , respectively. The phenyl group is substituted at positions 2 and 4 by a bromine and a fluorine atom, which deviate by 0.001 (4) and 0.014 (2) Å , respectively, from the ring plane. The bond distances are in normal ranges for this type of compound [C4-F1 = 1.355 (4), C6-Br1 = 1.898 (3) and C7-S1 = 1.688 (3) Å ]. The double-bond character of the C8 N2 bond is evidenced by its length of 1.288 (4) Å , while the other distances in the triazole ring are indicative of electronic delocalization [N2-N3, C7-N3 and C7-N1 = 1.377 (4), 1.327 (4) and 1.379 (4) Å , respectively].
Supramolecular features
In the crystal (Fig. 2) , the molecules are linked by weak interaction of the type C-HÁ Á Á(phenyl), forming supramolecular chains extending along the c-axis direction, involving the C11-H11 group of the adamantane moiety and the C1-C6 aromatic ring. The crystal packing is further consolidated by intermolecular N3-H3NÁ Á ÁS1(x À 1 2 , Ày + 1 2 , Àz + 1) hydrogen bonds, in which the triazole ring behaves both as donor and acceptor, and by weak C2-H2Á Á ÁS1(x + 1 2 , Ày + 1 2 , Àz + 1) interactions (Table 1) , yielding double chains propagating along the a-axis direction.
Hirshfeld surface analysis
In order to investigate the intermolecular interactions in the structure of I in a visual manner, a Hirshfeld surface analysis was performed using the program Crystal Explorer 17.5 (Spackman et al. 2002; Turner et al., 2017) . Fig. 3 shows the HS surfaces mapped over d norm , shape-index and curvedness (Fig. 3) . In the HS plotted over d norm , white areas on the surface indicate contacts with distances equal to the sum of van der Waals radii, and the red and blue colours indicate distances shorter (in close contact) or longer (distant contact) than the van der Waals radii, respectively. Two red spots are present in close proximity to the S and N-H atoms involved in hydrogen bonding. As expected, the absence of red and blue triangles on the shape-index surface and the small, flat segments delineated by the blue line in the surface mapped over curvedness indicate the absence of -stacking inter- Hydrogen-bond geometry (Å , ).
Cg2 is the centroid of the C1-C2 ring. 
Figure 3
Hirshfeld surfaces of compound I, plotted over (a) d norm , (b) shape-index and (c) curvedness.
Figure 1
The molecular structure of the title compound with atom labels, showing displacement ellipsoids at the 50% probability level.
actions in the crystal structure, while the red regions over the shape-index surface are due to the presence of C-HÁ Á Á interactions.
The two-dimensional fingerprint maps for I provide some quantitative information about the individual contributions of the intermolecular interactions in the asymmetric unit (Figs. 4 and 5); the distinct spikes appearing in these plots help estimate the different interaction motifs in the crystal packing. As can be seen from Fig. 4 , no CÁ Á ÁC interactions are present, which confirms the absence of -stacking in I. Globally, the highest contribution to the total Hirshfeld surface comes from the HÁ Á ÁH (42.4%) and SÁ Á ÁH/HÁ Á ÁS (14.6%) intermolecular contacts. This indicates that van der Waals forces have an important influence on the consolidation of the crystal structure. The other contacts contribute less to the Hirshfeld surfaces: FÁ Á ÁH/HÁ Á ÁF (11%), BrÁ Á ÁH/HÁ Á ÁBr (9.8%), HÁ Á ÁC/ CÁ Á ÁH (8.4%), NÁ Á ÁH/HÁ Á ÁN (7.5%), BrÁ Á ÁC/CÁ Á ÁBr (3.5%), SÁ Á ÁN/NÁ Á ÁS (1%), BrÁ Á ÁBr (0.5%) and CÁ Á ÁS/SÁ Á ÁC (0.5%). , with a Cl atom in the para position of the phenyl ring attached to the triazole moiety; 5-(adamantan-1-yl)-4-phenyl-2,4-dihydro-1,2,4-triazole-3-thione (WUM-PUP; Nieger et al., 2002) , comprising a phenyl ring, without any substituents, at position 4 of the triazole ring. All of the substituents at position 4 of the planar triazole ring in these compounds are almost perpendicular to that ring, similar to the orientation of the phenyl substituent of the title compound. In the structures of all these compounds, the N-HÁ Á ÁS interactions play an important role in consolidating the crystal packing, along with C-HÁ Á Á interactions, when phenyl groups are present as substituents.
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Synthesis and crystallization
All chemicals and solvents were used as purchased without further purification. The melting point was determined using an electrothermal digital melting-point apparatus and uncorrected. The NMR spectra were recorded at room temperature in DMSO-d 6 solution on a Bruker Ascend 700 NMR spectrometer. The title compound I was synthesized starting with adamantane-1-carbohydrazide A (El- Emam & Ibrahim, 1991) via the reaction with 2-bromo-4-fluorophenyl isothiocyanate B to yield the corresponding 4-(1-adamantylcarbonyl)-1-(2-bromo-4-fluorophenyl)-2-thiosemicarbazide C, which was then cyclized to the title compound I by heating in aqueous sodium hydroxide as outlined in Fig. 6 .
2-Bromo-4-fluorophenyl isothiocyanate (2.32 g, 0.01 mol) was added to a solution of adamantane-1-carbohydrazide (1.94 g, 0.01 mol), in ethanol (10 mL), and the mixture was heated under reflux with stirring for one h. Ethanol was then distilled off in vacuo and an aqueous sodium hydroxide solution (10%, 15 mL) was added to the residue and the Fingerprint plots of the major interactions in compound I.
Figure 5
Relative contribution of the various intermolecular interactions in compound I. mixture was heated under reflux for 4 h, then filtered hot. On cooling, the mixture was acidified with hydrochloric acid (pH 1-2) and the precipitated crude product was filtered, washed with water, dried and crystallized from an aqueous medium to yield 3.06 g (75%) of the title compound (C 18 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . Carbon and nitrogen-bound H atoms were placed in calculated positions (C-H 0.95 to 0.98 Å ; N-H 0.86 Å ) and were included in the refinement in the riding-model approximation, with U iso (H) set to 1.2 to 1.5U eq (C,N). The structure was refined as a racemic twin [BASF: 0.50 (2)]. Four reflections (4 12 10, 4 12 5, 4 12 6 and 4 12 9) were omitted from the last cycle of refinement owing to poor agreement. Keller, 1989) , DIAMOND (Brandenburg, 2006) , PARST (Nardelli, 1995) , publCIF (Westrip, 2010) , enCIFer (Allen et al., 2004) and PLATON (Spek, 2009 ).
Figure 6
The reaction scheme yielding compound I.
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Garcia-Granda Computing details
Program(s) used to solve structure: SIR2011 (Burla et al., 2012 ); program(s) used to refine structure: SHELXL (Sheldrick, 2015) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) , Mercury (Macrae et al., 2008) , SCHAKAL (Keller, 1989) , DIAMOND (Brandenburg, 2006) ; software used to prepare material for publication: WinGX (Farrugia, 2012) ,
PARST (Nardelli, 1995) , publCIF (Westrip, 2010) , enCIFer (Allen et al., 2004) and PLATON (Spek, 2009 ).
3-(Adamantan-1-yl)-4-(2-bromo-4-fluorophenyl)-1H-1,2,4-triazole-5(4H)-thione
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma( F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
